Regular exercise improves physical function and quality of life and reduces fatigue in cancer survivors; these health benefits could be due to the anti-inflammatory effects of exercise. In this study we examined the effects of a whole-body exercise programme and dragon boat paddling on the production of reactive oxygen species (ROMs), antioxidant capacity (BAP) and the circulating levels of several interleukins in breast cancer patients. Thirty four women surgically treated for breast cancer were enrolled in this study: 20 of them usually row dragon boats recreationally while 14 were sedentary. The 16-week training programme consisted of resistance and aerobic exercise, with the addition of dragon boat paddling for the last 8 weeks. Analyses of ROMs, cytokines and BAP were performed before and after 16 weeks of training. Results show a significant decrease in the ROMs value and significantly increased the BAP, IL-6, IL-8 and IL-15 levels. Exercise increased the BAP, IL-6, IL-8 and IL-15 values in the N+ patients, whereas only IL-6 and IL-8 were higher in the N0 patients. We demonstrated that muscle-derived cytokines are released after a training program and that the resulting decreased oxidative stress conditions underline the health-benefiting effects of such activity on breast cancer patients.
Introduction
Breast cancer is the most common type of cancer in women [1] . It has been reported that exercise interventions in breast cancer patients have positive effects on survival [2] [3] , quality of life [4] and weight [5] ; in addition, preliminary evidence suggests that exercise may also reduce the risk of cancer recurrence [6] . One of the mechanisms responsible for the health benefits of regular exercise could be the cumulative anti-inflammatory effects of repeated exercise [7] [8] , which reduces oxidative stress by increasing the antioxidant capacity of the cell [9] [10], enhancing DNA repair systems and improving intracellular protein repair systems [11] . Indeed, oxidative stress is an important factor for the onset, progression and recurrence of cancer.
Regular exercise can reduce pro-inflammatory cytokines in people with chronic conditions, and this reduction relates to improvements in aerobic fitness [12] . However, whether the beneficial effects of regular physical activity in cancer survivors are due to the reduction of pro-inflammatory cytokines remains to be determined.
During and following exercise, skeletal muscle synthesises and releases a number of cytokines, named myokines, which exert their effects either systemically or locally [13] . The myokines released by skeletal muscle include interleukin (IL)-6 [14] , IL-8 [15] and IL-15 [16] . IL-6 modulates the systemic inflammation response by stimulating anti-inflammatory cytokines, such as IL-1 receptor antagonist (IL-1ra), and inhibiting the production of the pro-inflammatory cytokine tumour necrosis factor (TNF)-α [17] .
The purpose of our study was to determine the effect of 16 weeks of increased exercise training on the circulating myokines levels and oxidative stress status in breast cancer patients who usually participate in recreational dragon boat paddling. Dragon boat is a human-powered watercraft that originated in China more than 2000 years ago and is a competitive sport worldwide. Furthermore, Abreast in a Boat, conceived in Canada in 1996, was the first team of dragon boat racers comprising breast cancer patients. Dragon boat paddling is a repetitive, vigorous physical exercise that increases flexibility, aerobic capacity and strength and provides an important positive message to all people with breast cancer [18] .
The results of this study might help in the understanding of the effects of sport activity on oxidative stress and muscle adaptation exercise, which induces the release of myokines in breast cancer patients.
Materials and Methods

Participants and Training Programme
Thirty four women surgically treated for breast cancer were enrolled in this study: 20 of them usually participate in recreational dragon boat paddling (mean age 53.45 ± 7.75 years) while 14 were sedentary (mean age 52.07 ± 7.44 years); all the subjects were women 9 ± 5 years post-surgery. The exclusion criteria included cardiovascular diseases, acute somatic symptoms (e.g., fever, infection), uncontrolled hypertension, uncontrolled pain or any other condition that contraindicates exercise training in cancer survivors [19] .
The TNM status could be obtained for 8 (3 were N0 and 5 N+) and 18 (6 were N0 and 12 N+) of the sedentary and dragon boat patients, respectively. The subjects enrolled in the study had no clinical or radiographic evidence of distant metastases.
It was not possible to enrol a control group consisting of healthy volunteers who participate in recreational dragon boat paddling because there is only a small number of individuals who play this sport in Italy. Indeed, this discipline is used mainly as beneficial complementary therapy for women who have had surgery for breast cancer [20] , as several studies have confirmed the benefits of this physical activity on the quality of life of breast cancer patients [21] [22] .
The anthropometric parameters were determined for all participants at the outset of the study. No significant differences in age, weight and height were observed when comparing the dragon boat patients exercising regularly and the sedentary patients. Conversely, the BMI was significantly higher in the dragon boat patients (p < 0.05) (data not shown). According to the Helsinki declaration, signed, informed consent was provided by all the subjects prior to entering the study. The study protocol was approved by the local ethics committee (N.˚150/13).
The 16-week exercise programme consisted of resistance and aerobic exercises, with the addition of dragon boat paddling in the last 8 weeks. Serum samples were collected after an overnight fast, between 9:00 a.m. and 10:00 a.m. For the dragon boat group, the first blood sample was collected before the 16 weeks of training and during the regular exercise regime, whereas the second blood sample was drawn after the increased training time. Only one sample was collected from the sedentary patients.
The exercise programme, 2 weekly supervised sessions of 60 min. duration each, consisted of aerobic exercise and resistance training and was performed over the duration of the experimental period. In brief, each session included stretching (at the beginning and at the end), resistance exercises and aerobic effort (25 min. each, in the core part). The resistance training included exercises that engaged the major muscle groups (e.g., chest press, shoulder press, leg extension, leg curl, leg press, abdominal crunch, arm extension, lateral pull-down). The dragon boat training, which began at week 8 and was performed concurrently with the exercise programme for the next 8 weeks, included intermittent paddling activity in a boat once a week (60 min. duration each). The last 8 weeks of training consisted of repetitive and resistive exercise of this vigorous and intense upper-body sport. This practice was supervised by an expert investigator.
The regular exercise consisted of only a 60-min. session per week, and this exercise involved the same aerobic and resistance training described above. The dragon boat patients annually performed this regular and periodically increased exercise and boat paddling activity.
Measurement of Cytokine Levels, Oxidative Status (ROMs) and Antioxidant Capacity (BAP)
Commercially available human ELISA kits were employed to determine the IL-6, TNF-α, IL-8, IL-15 and IL1ra levels (high-sensitivity Quantikine, R & D Systems, Minneapolis, MN, USA) following the instructions of the manufacturer. The detection limits were 0.70 and 1.6 pg/ml for IL-6 and TNF-α, 3.5 and 2.0 pg/ml for IL-8 and IL-15, respectively, and 6.26 pg/ml for IL-1ra. The oxidative status was evaluated by measuring the serum concentrations of hydroperoxides according to an automated method by Diacron (Diacron SPF, Grosseto, Italy). This test is based on the reaction of the hydroperoxides of a biological sample with transition metals (iron), forming free radicals that then oxidise an alchilamine to produce a coloured radical detected by photometry at 505 nm. The blood samples were mixed with an acidic buffer reagent to release iron from the plasma proteins that will react with peroxides in the blood to form free radicals; a chromogen reagent (alchilamine) is added to produce a pink-coloured derivative. This derivative is photometrically quantified, and the optical density is directly proportional to the concentration of ROMs. The references values of the d-ROMs test are between 20 -24 mg H 2 O 2 /dl, independently of gender and age. A value higher than 25.6 mg H 2 O 2 /dl indicates an increased level of oxidative stress that is linear up to 40 mg H 2 O 2 /dl [23] .
The antioxidant status was examined using the biological antioxidant potential (BAP) test, according to an automated method by Diacron; the components of the antioxidant plasma barrier are directly measured by active scavengers. The blood sample is dissolved in a coloured solution that is obtained by mixing a source of ferric ions (FeCl 3 , ferric chloride) with a chromogenic substrate (a thiocyanate-derived compound). After 5 min of incubation, the solution will decolourise, and the intensity of the change will be directly proportional to the ability of the plasma to reduce ferric ions. The results are expressed in units of µmol/L. The normal reference values of the BAP test are >2200 µmol/L; values below 2000 µmol/L indicate an antioxidant deficiency status [16] [24].
Statistical Analysis
The statistical analysis of the serum values was performed using SPSS 20.0 software for Windows® (SPSS, Chicago, IL, USA). The results are expressed as the mean value ± standard deviation (SD). All the groups were analysed using the Kolmogorov-Smirnov test for a normal distribution, and significant differences between the control and experimental groups were assessed using ANOVA tests. The correlations within each group were performed using Spearman's correlation. Differences were considered significant at p ≤ 0.05. Figure 1 shows the variation in cytokine concentrations in the dragon boat group before and after increased exercise. The IL-6, IL-8 and IL-15 serum concentration significantly increased after 16 weeks of training (p < 0.001), whereas the TNF-α values showed no significant differences. No significant differences in the IL-6, IL-15 and TNF-α serum values were observed when comparing the dragon boat patients exercising regularly and the sedentary patients. Conversely, the IL-8 concentration was sig-nificantly higher in the sedentary patients (p < 0.05) (data not shown).
Results
The IL-1ra value increased after 16 weeks of training but was not significant; similar to what was observed for IL-8, the values in the sedentary patients were higher than the dragon boat patients with regular exercise (p < 0.05) (data not shown).
The ROMs values decreased after training, though this decrease was not significant. In addition, the ROMs values were higher in the sedentary patients than in the group with regular exercise (p < 0.05) (Figure 2(a) ).
However, the ROMs values returned to the normal range after increased training yet remained above the range during regular exercise and in the sedentary patients.
BAP significantly increased after 16 weeks of training (p < 0.001). No significant differences were found between the sedentary patients and dragon boat patients before the increase in the exercise regime (Figure 2(b) ).
Overall, an inverse and significant correlation between ROMs and BAP both before and after increased exercise was observed in the dragon boat group. Conversely, no correlation was found between ROMs and BAP in the sedentary patients ( Table 1 ). An effect of the training programme was observed when comparing the N0 and N+ subgroups of the dragon boat patients. Indeed, IL-6 and IL-8 were enhanced (p < 0.05) in the N0 patients after increased training. In addition, the levels of IL-6 and IL-8 (p < 0.001) and IL-15 and BAP (p < 0.05) were higher in the N+ dragon boat patients after 16 weeks of increased exercise ( Table 2) .
No significant differences were found in the N+ patients when comparing the results obtained for the sedentary patients versus the dragon boat patients with regular exercise. In contrast, the ROMs values were significantly higher in the N0 sedentary patients (data not shown).
Discussion
There is evidence to support that regular exercise improves physical function [25] , quality of life and fatigue in cancer survivors, particularly in breast cancer [26] [27].Our results indicate a positive influence of physical exercise, which reduces the oxidative status and increases the antioxidant capacity. Indeed, the benefits of exercise were emphasised by the lower ROMs value in the active patients. Radak et al. [8] attributed the increase in antioxidant capacity after exercise to the increased formation of superoxide dismutase and glutathione peroxidase; the long-term effects of exercise-induced oxidative stress amelioration are reflected in the induction of adaptation [28] , particularly in the increase of antioxidant enzyme activity [29] [30] .
Currently, there is an ongoing debate with regard to the influence of physical activity on cancer. The present study provides evidence that dragon boat training positively influences the oxidative stress condition in breast cancer patients.
The possibility of assessing the effects of regular exercise on cytokine levels in breast cancer patients is a question of important medical relevance because it provides a prognostic significance in this disease [31] [32] . During exercise, the working skeletal muscles release anti-inflammatory cytokines, such as IL-6, significantly attenuating several symptoms, including a poor quality of life or fatigue. The present data suggest that the documented benefits of regular exercise in cancer patients could be mediated by the changes in cytokine concentrations, as observed in our training group. IL-6 has been classified as both a pro-and anti-inflammatory cytokine [33] [34] , but the recent opinion is that IL-6 possesses primarily anti-inflammatory effects. Furthermore, IL-6 directly inhibits TNF-α and IL-1 expression and is an inducer of IL-1ra, which exerts anti-inflammatory activity by blocking the IL-1 receptor [35] . The increase in IL-1ra in response to exercise could have reduced the biological activity of pro-inflammatory IL-1. The exercise-induced cytokine cascade causes an increase in IL-6 and IL-1ra [36] , creating an anti-inflammatory environment that inhibits TNF-α release.
IL-8 and IL-15, together with IL-6, are exercise-induced cytokines [37] . IL-8 is a well-known chemokine that attracts neutrophils and is regulated by muscle contraction [18] . IL-15 is expressed in human skeletal muscle and has been identified as an anabolic factor in muscle growth; it also appears to play a role in lipid metabolism. The data obtained in our study showed an increase in IL-8 and IL-15 concentrations after 16 weeks of increased training, a period that was characterised by repetitive and intense exercise.
Taken together, myokines may be involved in mediating the anti-inflammatory effects of exercise. The influence of exercise was manifested in both N0 and N+ patients: we observed an increase in myokines and antioxidant capacity with increased training time, whereas the ROMs values decreased. We did not, however, observe any significant differences in N0 versus N+ in the dragon boat patients with regular exercise or in the dragon boat patients after increased exercise.
A larger sample size, with different nodal staging, needs to be evaluated to reach a definite conclusion regarding the different cytokine levels found in the N0 and N+ patients.
Conclusions
There is evidence from intervention studies to support that regular exercise improves physical function, quality of life and fatigue in cancer survivors [24] [29] . The purpose of our study was to investigate the effect of 16 weeks of training (aerobic-resistance+paddling) on circulating cytokines and oxidative stress in breast cancer patients who participate in dragon boat paddling. This ancient sport has been assessed for its psychosocial benefits, and it was shown to have positive effects on lymphedema in women with breast cancer [17] .
Overall, a combined 16-week exercise training programme (aerobic-resistance+dragon boat) induced changes in myokines levels in breast cancer patients; these myokines provide the cross-talk between the immune system and muscle cells [38] [39] . Furthermore, exercise may reduce inflammatory oxidative damage by increasing the antioxidant capacity and reducing the oxidative status.
Our study confirms that skeletal muscle may be considered as an endocrine organ that produces and releases myokines, and the health-beneficial effects of exercise were emphasised by a decrease in the oxidative status. These observed improvements were due to exercise training and dragon boat paddling.
